The dioxo-lignans of the arylnaphthalene-type named justicidone (2) and elenodione (3) were obtained from elenoside (1) through a short and efficient semisynthetic process. Justicidone (2), one of its synthetic precursors, 4-(benzo[d][1,3]dioxol-5yl)-5,6,8-trimethoxy-3a,4-dihydronaphtho[2,3-c]furan-1(3H)-one (9), and the aglycone of elenoside (5) showed cytotoxic activity towards the HL-60 cell line (IC 50 = 7.25 μM, 5.41 μM and 2.06 μM, respectively).
The variety of biological activities of lignans is well known [1] . The genus Justicia (Acanthaceae), which includes about 300 tropical and subtropical species [2, 3] , has proven to be an important source of this kind of compounds, which exhibit a wide spectrum of pharmacological activities. [4, 5] We have already reported on the isolation [6] and biological activity [7] of some components of J. hyssopifolia, a species endemic to the Canary Islands. This plant is found specifically in Tenerife and La Gomera and is the only endemic member of the family in this archipelago. In a further study of the chemical components of this plant, we reported on the isolation and structure elucidation [8] of 4-(benzo[d] [1, 3] dioxol-5-yl)-6-methoxynaphtho[2,3-c]furan-1,5,8(3H)trione (2), a compound which we named justicidone. This compound is a lignan of the arylnaphtalene type and has a 1,4-naphthoquinone moiety, a structural feature hitherto unknown in this group of substances. The fact that the structure of 2 shares aspects of both lignan and quinone systems might possibly reinforce the biological activity often associated to both functionalities. Justicidone (2) was isolated from the natural source in a very small amount (∼ 2 mg). In order to obtain sufficient amounts of the compound for biological tests, we performed a total synthesis [9] . In the present work, we describe an improved and more NPC Natural Product Communications 3] dioxol-5-yl)naphtho[2,3-c]furan-1,5,6(3H)-trione (3), which we named elenodione. The starting material was elenoside (1), found in higher amounts also in J. hyssopifolia [6] . Figure 1 shows the formation of justicidone (2) by means of oxidation of compound 4 with Fremy´s salt. The latter in turn was obtained through methylation and further hydrolysis of elenoside (1). This partial synthesis provides additional support to the structure proposed for justicidone [8] , as it clearly establishes that the methoxy group is located at C-6 and that the relative position of the carbonyl groups corresponds to a 1,4-naphthoquinone system and not to a 1,2-naphthoquinone. Figure 1 further describes a partial synthesis of elenodione (3) . Acid hydrolysis of the glycosidic moiety of 1 gave compound 5 [6] , which was then oxidized with silver (II) oxide to give a brownish substance. HRMS measurements yielded a molecular weight of 334.0461 and a molecular formula of C 19 H 10 O 6 . The 1 H NMR spectrum exhibited signals assignable to the lactone methylene at δ 5.12 (d, 2H, J = 10.1 Hz), the methylenedioxy group at δ 6.05 (s, 2H); two doublets at δ 6.59 and 7.62 (each 1H, d, J = 10.2 Hz) due to ortho coupled protons at C-7 and C-8, respectively; a doublet at δ 6.90 (1H, d, J = 8.3 Hz) assigned to the aromatic proton at C-7´; a broad complex signal at δ 6.61-6.64 assigned to the protons at C-6´ and C-4´; and a singlet at δ 7.90 due to the aromatic proton at C-9. The spectral data of this substance are in a good agreement with structure 3.
Compound 3 is described here for the first time. It is worth noting that, when a solution of 5 was exposed to air, a change to a reddish color was observed due to the formation of a small amount of 3 (< 1%).
For the measurement of cytotoxic activities, compounds 6-10, intermediates in the total synthesis of justicidone [9] , were also included in this work, together with 2, 3 and 5 ( Figure 2 ). Compounds 6, 7 and 10 did not show cytotoxic activity whereas elenodione (3) and compound 8 showed some activity towards HL-60 cells. Justicidone (2) and the synthetic precursor 9 exhibit moderate cytotoxicity (IC 50 = 7.25 μM and 5.41 μM, respectively). The most active compound was aglycone 5 (IC 50 = 2.06 μM). 
Experimental
General experimental procedures: NMR spectra were recorded on Bruker Avance 300 MHz and 400 MHz spectrometers in CDCl 3 , unless otherwise noted. Chemical shifts are given in ppm with TMS as the internal standard. IR spectra were obtained on a JASCO V-560 spectophotometer, and low and high resolution mass spectra on a VG Micromass ZAB-2F spectrometer at 70 eV. Analytical thin layer chromatography (TLC) was performed on precoated Polygram Sil G/UV plates. Compounds 2 and 3 were obtained through the synthesis described above, whereas compounds 6, 7, 8, 9 and 10 were obtained by means of the previously reported synthesis [9] . Dimethylsulfoxide (DMSO) and 3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
4-(Benzo[d][1,3]dioxol-5-yl)-5-hydroxy-6-methoxynaphtho[2,3-c]furan-1(3H)-one (4):
A mixture of 223 mg (0.48 mmol) of 1, 700 mg (6.6 mmol) of sodium carbonate and 1 mL (ca. 16 mmol) of methyl iodide in dry acetone (60 mL) was heated under reflux for 10 h. After filtration and solvent removal in vacuo, the crude residue was purified by means of chromatography on silica gel (elution with EtOAc/MeOH/H 2 O 80:5:5) to yield 184 mg (80% yield) of the previously described O-methyl derivative of 1 [6] . An aliquot of this compound (60 mg, 0.12 mmol) was dissolved in acetone (4 mL) and treated with 0.5N HCl (4 mL). After stirring at 60ºC for 12 h, the reaction was diluted with water and extracted several times with ethyl acetate until the aqueous phase showed no UV fluorescence. After drying over sodium sulfate and elimination of the solvent in vacuo, compound 4 [6] was obtained (40 mg, 98%). (2) : To a suspension of 18 mg (0.05 mmol) of compound 4 in dichloromethane (4 mL), 16 mL of a pH 7.00 buffer (KH 2 PO 4 /K 2 HPO 4 ) containing 30 μL of Aliquat 336 (0.064 mmol) were added. After addition of Fremy's salt (34 mg, 0.13 mmol), the mixture was vigorously stirred for 25 mins (after the first 5 mins, a change of color from yellow to red was observed in the reaction mixture). After extraction with ethyl acetate, drying over sodium sulfate and elimination of solvent in vacuo, the residue was purified by means of chromatography on silica (elution with n-hexane-EtOAc 1:1). This furnished 13.5 mg (75% yield) of a reddish compound whose spectral data were coincident with those of justicidone [8] .
4-(Benzo[d][1,3]dioxol-5-yl)-6-methoxynaphtho [2,3-c]furan-1,5,8(3H)-trione (justicidone)

4-(Benzo[d][1,3]dioxol-5-yl)-5,6-dihydroxynaphtho [2,3-c]furan-1(3H)-one (5):
To a solution of 211 mg (0.42 mmol) of glucoside 1 in 5 mL of acetone were added 5 mL of 1N HCl. The reaction mixture was kept at 70ºC for 6 h. After addition of water, the reaction material was centrifuged to give 138 mg of 5 (97% yield) [6] . (3) : An excess of silver (II) oxide was added to a solution of 25 mg (0.074 mmol) of compound 5 in tetrahydrofuran. The reaction mixture was kept at room temp with magnetic stirring for 24 h. After extraction with ethyl acetate and solvent removal in vacuo, the crude residue was chromatographed to obtain 21 mg (85% yield) of a brownish compound with spectral features consistent with structure (3). Cell culture: The human promyelocytic leukemia HL-60 cell line established by Gallagher et al. [10] was cultured in suspension in RPMI-1640 medium (Invitrogen) supplemented with 10% heat inactivated fetal bovine serum, penicillin (10, 000 units/mL), and streptomycin, in a humidified atmosphere of 95% air and 5% CO 2 at 37°C. Cells were maintained at a density <1 x 10 6 cells/mL. Cells were resuspended in fresh medium 24 h before each treatment to ensure exponential growth. Stock solutions (100 or 50 mM) of the compounds were made in dimethyl sulfoxide (DMSO), aliquoted, and stored at −80°C. Further dilutions were made in culture medium prior to use. In all experiments, the final concentration of DMSO did not exceed 0.1%, a concentration that is not toxic to the cells.
4-(Benzo[d][1,3]dioxol-5-yl)naphtho[2,3-c]furan-1,5,6(3H)-trione
Cytotoxic assay: Cytotoxicity assays were performed in 96-well plates using the MTT assay [11] . Cells (1 x 10 4 /well) were exposed to different concentrations of the tested compounds for 72 h at 37°C. Controls and samples were always treated with the same concentrations of the vehicle (DMSO). Surviving cells were detected on the basis of their ability to metabolize 3-[4,5-dimethyl-thiazol-2-yl]2,5-diphenyltetrazolium bromide (MTT) into formazan crystals. Optical density at 560 nm was used as measure of cell viability. The MTT dye reduction assay measures mitochondrial respiratory function and may thus be detected earlier than dye-exclusion methods. Cell survival (%) = (mean absorbance in treated wells/ mean absorbance in control wells) x 100. Concentrations inducing a 50% inhibition of cell growth (IC 50 ) were determined graphically for each experiment using the curve-fitting routine of the computer software Prism 2.0 (GraphPad) and the equation derived by De Lean and co-workers [12] .
